The structure of a 1:2 complex of adenylyl-(3',5')-adenosine phosphate and proflavine hemlsulfate has been determined using the methods of x-ray crystallography. Since the ApA does not form a mini double helix, it may serve as a model for the interaction of planar molecules with single stranded nucleic acids. The dinucleotide adopts an extended conformation with the adenines in adjacent molecules forming base pairs. A most unusual feature of the molecule is that it does not obey the "rigid nucleotide" concept although none of the torsion angles occur in energetically unfavourable regions. This is most probably due to the strong interactions between the proflavine and the oligonucleotide.
INTRODUCTION
A large number of drugs, carcinogens and mutagenic agents act biologically by binding to nucleic acids. Interactions with double-stranded nu-1 2 cleic acids, especially DNA have been the subject of many investigations ' , and a number of structural studies on both the natural polymer as well as model systems have attempted to elucidate details of the molecular mechanisms of binding and the structures of the complexes formed . It is already apparent from some of these studies that the conformational changes induced in double-stranded nucleic acids by even the simple mutagen proflavine are complex, and our knowledge of them is far from complete. A recent examination of the model dinucleoside phosphate intercalated complexes has shown that the torsion angle changes induced in them are within the accepted ranges of the rigid nucleotide hypothesis , though only just so in some instances. This widely-accepted theory in essence states that the conformational flexibility of both nucleic acids and their individual nucleotide constituents, falls within certain well-defined angular ranges, and therefore that some conformations are distinctly not preferred.
We have now extended our previous structural studies on a double-heli- It has also been implicated in forming kinks in DNA when wound round histone proteins in the nucleosome . Moreover, it appears to be an important 18 feature of the loop regions in tRNA .
The high anti x conformation of the 3' adenosine as well as the mixed sugar puckering has precedent in other dinucleotides with drugs. In the intercalated molecules the C2' endo conformation is found at the 3' rather than the 5' end of the dinucleotide. In the non intercalated ApU-9 amino-9 acridine the sequence of puckering is the same in this structure. The high value of the <t>' angle can be correlated with the C2' endo sugar pucker, as observed in pdTpdT and tRNA 20 . Interestingly, the torsion angles 21 22 $, to and a)' have values normally found in helical ribonucleic acids ' It has always been thought that variation in the latter two angles in particular is responsible for the flexibility in nucleic acids .
The crystal structure of transfer RNA has now been refined independently by four groups '
. The conformations of some of the loop regions are rather ill-defined, and indeed the four analyses do not always agree on interpretation. However, it is likely that at least some of the conformational features observed here in ApA are present in tRNA loop regions. Even the rare syn glycosidic conformation may be present in, for 23 example, residue 76 (the end of the amino-acid acceptor stem)
Although the overall conformation that we find for ApA has not been described previously for either a nucleic acid constituent or a polymer, none of the variable angles occur in energetically unfavourable regions.
Since we are not observing in this analysis the structure of a 'naked' nucleic acid fragment, but one in a drug-interactive situation (albeit a frozen one), it is tempting to suggest that the binding of the drug is largely responsible for these unexpected conformational features. Furthermore, since the functionality of nucleic acids is often expressed in singlestranded regions, we can expect that protein or drug binding can induce rather more variable and profound conformational changes than have been hitherto suspected, with almost if not all the torsion angles in a nucleotide unit capable of considerable flexibility.
